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OFFICE 

1 
Thls invention.relates fo a new class of com- 
pounds which have been round to. be particularly 
suitable for use as synthetic lubricants because 
of their low pour points, high viscosity indices 
and good ]oad-carrying characteristics. 
In the lubricant art, considerable progress bas 
been rea]ized in recent years in the production 
of lubricants char.acterized by one or more spech2c 
properties and adapted for particular uses. In 
the main, this progress can be attributed fo two 
developments: the first, new reflnlng procedures, 
and the second, addition agents capable of im- 
parting particular properties to availab!e lubri- 
oants. Thus, viscosity index improvers and pour 
depressants are added fo automotive lubricants 
fo tender the lubricants more adaptable to wide 
changes in temperature conditions, while other 
agents are added fo improve the load-carrying 
propert2es of a lubricant which is to be employed, 
for example, under extreme pressure conditions. 
Recently, in an effort to obtain superior lubri- 
cants endowed with spech2c and superior char- 
acteristics, a new fleld bas been explored, name- 
ly, the synthesis of lubricants from various ma- 
terials. Esters represent one class of materia]s 
which have. attracted unusual interest as syn- 
thetic lubricants. In general, they are charac- 
terized by higher viscosity indices and lower pour 
points than minerai oils of corresponding vis- 
cosity. The esters described in the present speci- 
flcation bave been round fo exhibit very low pour 
points, high viscosity indices, and in addition 
unusually good load-carrying properties. Lubri- 
cants-possessing such properties are of spectal 
value in the lubrication of engines which are sub- 
jected to high temperatures such as combustion 
turbine engines, particu!ar]y those of the "prop- 
jet" type. Mineral óil lubricants containing added 
viscosity index improvers, thickeners or other 
highly non-volatile additives are undesirable 
for use in. such engines because of the tendency 
to leave a residue which would accumulate and 
interfere with the operatio n of the engine. A 
synthetic lubricant oï the type described in the 
p2esent speciflcation is especially adapted fo use 
under such conditions, since the lubricant con- 
tains no additives .and thus tends to ]eave no 
residue up0n volati]ization. 
The new compounds of the present invention 
which bave been found fo be useful as synthetic 
lubricating oils are glycol esters of sulfur-con- 
taining monocarboxylic acids. The glycols may 
be the paraffm glycols or they may be g]yco]s con- 
taining, oxygen or sulfur in ether or thioether 
!inkages. - 

2 
The new esters of the present invention may be 
deflned more precisely by the general formula 
RC00 
5 ï'C O0 / 
where i and i' are open chan alihatic hydro- 
carbon raoEcals containi 2 fo 22 carbon ams, 
one or both o wch contais a sueur atom, and 
I0 ay be saturated Gr .unsaturated and may con- 
sist of straight or.brunched chai. The su!ur 
utom is resent as u thioether linkage and is 
arated rom the carboxyl group by ai least one 
carbon atom. "The radicals  and ' muy be alike 
15 or fferent. " o t.he orma may be a satu- 
rated alihutic hydrocarbon group, straight chain 
or branched, containg 2  IS carbon ams, or. 
it may be a series of saturated alihatic hydro- 
carbon rIs lied by oxygen or sulur 
20 or by both oxygen d sulur atoms, provided 
there are at least tw carbon atoms between each 
carboxyl group and the nearest oxygen or sueur 
am and ai least two carbon atoms between each 
oxygen or sulfur um in e chain, and ro- 
5 vided urer thut the total number of carbon and. 
oxygen or sulfur atoms in the entire " radical 
Is from 5 rG S0 und that there are not more than 
two sulfur atoms the chain. The comound 
shod bave a molecular weight o at least 300. 
30 Many o the sulur-coning uci emloyed 
in preparg the esters o the resent invention 
may be conveently reared by reacting an ole- 
, e. g., diisobutylene, with hydrogen sulflde 
 orm an all mercatan, ater which the mer- 
35 cutan is reacted with acrylotrile fo form the 
-alImercatoroi0nitle, and the latter is 
turn hydrolyzed to o the -kylmercapto- 
roionic acid.  general, mercata reuct 
ve readily wi aclonitrile or acc acid 
40 esters fo give acids containg sulur aigu. The 
mercuta may be ïormed from readily obtain- 
able olefi and olefln olers sach as roylene, 
Isobutylene, diisobutylene, triobutylene, ropyl- 
ene olers, and the like. Sulur-containg 
4 aci may also be prepared by e reaction of 
halo-acids wi mercaptans, by e adtiGn 
mercatans to sutumted acids, or by the 
tion oï toglycolic acid to oles. If  not in- 
tended that this invenon be mited  the 
50 alkyercaptoproionic acids, although they are 
reerred ïrom e standoint of ee oï repara- 
tion and cost. Acids suitable for use in accord- 
ance with the resent invention are Wifled by 
comods such as eyerc.atoacec acid, 
 methylmercatoopionic acid, -ethylmercap- 



,601,063 

3 
pr6Pionic acid, # - sec. - butylmercaptopropionic 
acid, #-tert.-butylmercaptopropionic acid, #-tert.- 
octylmercaptopropionic acid,  -tert. - dodecyl- 
mercaptopropionic acid,  - cetylmercaptopro- 
plonic acid, #-ally.lmercaptopropionic .acid, - 5 
octylmercaPtobutyric acid, 7-dodecylmercapto- 
butyric acid, -hexadecylmercaptobutyric acld, 
-octylmercaptoundecanoic acid, -dodecylmer- 

4 
dodecylmercaptopropionic acid with various gly- 
cols. The last two of the above-named acids 
were PrePared as follows: To a mixture of 12 cc. 
of Triton B (benzyltrimethylammonium hydrox- 
ide)..and P..molsof the.mercaptan-(prepared by 
reaCting diisobuty!ene or» triisobuty!ene with hy- 
drogen sulflde) was added dropwise 3 mols of 
 a.crylonitrfle at such a rate as fo keep the rem- 

captoundecanolc acid, -hexadecylmercaptoun- perature below 50 ° C. The mixture was thon 
decanolc acid, cyclopentenylmercaptoacetic:acid,..-!} heated-fo 50 ° ::C»:60 ° C. for two hours, after 
pentenylmercaptoacefic acid, «-octylmercaptodi- ..which-the product was poured lnto water, and 

methylacefic acld, «-dodeclmercap.todlmehyl- 
acetic acld, «-hexadecylmercaPtodimethyacetic 
acid, and the like. . - 
The glycols employed in preparing;çheesters 
of the present invention include .ethylene_.gly¢.ol 
and any of the paraffinic homologues Of the saine 
containing up fo 18 carbon atoms. These may 
include, for example, ethylene glycol, propylene 
glycol, butylene glycols,pinacone, trimethylene 
glyc.ol, tetramethylene :gtycol, pentamehylen 
glycol, .and. decamethylene . lycol. -:Since :he 
glycols may also contain oxygen or sulfur atoms, 
compounds such as diethylene glycol, triethylene 
glycol, tetraethylene«glycol and the higher mem- 
bers of thls series containing carbon and oxygen 
atoms fo a.combined .total of 80 (exclusive of hy- 
droxyl groups) may be employ.ed..Thepo..lyeth- 
lene:glycols- of the formula 
" HO(CHCHO) CHCIOH 
wher.e,.is 1 .tO26, andthe p01ypr0_uylene=gI:¢cols 
oï .the.,. general formula 
. R-R2 RR 
o(ccHo).cco 
where"elthr 1 or _i. is a methyl groupapd.£he 
other is .hydrogen-and where  is 1 fo-20 .are 
especially useful. G!ycols contining sulfur 
atoms in thioether linkaes my also be em- 
ployed, and.these include suchcompounds as 
thi0diglycol and 1,2, - bis(2 - hydroxyet.hylmer- 
capto) ethane. There .may also be used7glycols 
contalnin both oxygen and sulfur in similar 
linkagesi Such. a comPound is . bis.-[2.f2ahy - 
(lroxy-ethoxy) eth:yl] sulflde. 
-The esterification process-nïy De carMed":oug 
,by known esteriflcation means, prferab.ly with 

 , Glycol 

: P01y:pl'oDylene glycol  
-Trimethylene. glycol.. 
exra%hylcne glycol, 
Tricthyleue: glycol ..... 
Tetrgethylene .glycol.. 
.,Thio!iglyc0! .......... 
TrimethyloEue gly¢oL., 

.an equal.¥olume,0fether added and a small 
qnantity of.ydr«chloric acid fo neutralize the 
. TritonB...»After:stlrring, the ether layer was lso- 
t5- ated;:ashed;vith':w ater, dried over sodium sul- 
fate, and the ether removed on the steam bath. 
-The.residue-was mixed with 2.1 mols of sodium 
hydroxide dissolved in 600 cc. of a 50% aclueous 
ethyl-.alcohol. This was heated on a steam bath 
20 for 40 hours, acldifled :with hydrochloric acid, 
extractedwith ether,-washed :with ,wat¢r,drted 
over-:a .desiccant, and.distilledat about-5 ïmm. 
pr..essure. 
.The¢ tert.-octylmercapt0Propionic.. aci .d:pre- 
'25 pared by .the.-above .method, ..was:reacted:wlh 
trimethylene :glyc01, hexamethylene :.g)y.c91 , 
trlethylene, glycol, . tetraethylene :g.lycol, :arai 
thiod!glycol, .r_espectively, and .the. -terLrdo- 
decylmemaptoproplonic aci d, also ,prep.ared:.by 
3o the above, method,, was. reacted with 4rlme.thy1- 
ene :gl:col,. the ,following. procedure bei.ng..:¢d 
as.a-general esterification procedure: .Te  m.o.k 
of the acid .and-one mol of the gly.col..were..mixcd 
with ,/ç by.weight.0f:p-toluenesulfonic.«_acld 
35 monohydrate and about 150: cc..of 15enzene.pr 
naphtha as .an. entraining fluid. The.,mixtu.re 
was.. relïuxed .in . an .. app aratus, provided .: with  :a 
water tr.ap: until no .more water distflled ioder, 
after, .which- .if .vas - washed, with s.o.dim 
£9 bonate solution and with.water,and:thendrled 
over :a .desiccant. such  as Drier_ite (anhydous 
calcium-sulfate). The materlal .was.«st.rfppd 
at 5 mm..to.,a bath.temiaerature.0f 200220°.C. 
Theesters prepared by the above.methodwere 
,5 tested ,with respect fo variou s. properfi.es-w.ich 
are of interest in c0nnection.with.thelr:prp0sed 
.use .as:synthetic lubrlcating olls, the.resul, sbeg 
sh0wn:belowin the table of.data. 

Kinematic 
: Vscb§iy 
' - A8TM 
166F. 210 ?F. 

43.970 7 ,865 0.634 
43 590 6. 508 0..725 
54:048 8. 005 0, 682 
:7. 470 7, 101 0. 707 
50, 745 7.764 0,680 
45:6 15.852  0:635 
 :163, 6 ,12.207 0.764 

.ASTM 
:VIs- '. Pb/ir 
" cosity 
Idex PoIt  
" .(°F.) 

142 
,110 
"122 
:t31 
124 
 116 
6O 

< --35 
<--35 
--5 
--10 

.pae.by:ester!fyinget..hylmercaptoacetlc'acd»*- : Eorthe,prp.ose of lnc.re_asing, the.,!m.sr.¢.ngh 
 $ert,-,:¢tFlmecaptopropionicacid,.»..:and:.#.-.tert, - .-5 and loacl-carrying capacity of mlrleral,.,oll,:=A]ae 

 The a.bove da-ta! indl_.ca, te: that:the.es.t e possess 
characteristics which:_render them;sultable::for 
gene:al .use as _.lubricati.ng..pils. -,The,.:sters of 
70 .the:pesent-invention may, a!so.be..,blended:wth 
minerai lubricatlrg oils :to.give ;lubHcants:of=lm- 
lroved-.viscositY, index, pour point;: and:l.oadçar- 
xyi g çupacity. 

) M olc ear .weight =.400. 
4hemse:of.-a:catalys .such as p-tolueesulfonic 
.acid. .qL an ester containiag- two- diffe»'.ent, acid 
-radicalsAs-desired, ithe gty_col is :reced -with-.a 
.mixture .of acids. 
. :-.Data:will b e.given below, show.pg the prolert,-'.es 
oLsevemexamplesof :esters which, ittustrate ,the 
-present:invention, these  esters:hav'm..g .been»pre- 

 Conve-ion.llçreflned' ................ ostai na)hthenic oil-of'40 secods Saybolt vlscosity at 210-°17 ' The unb]ed«d minera| 
oil: carries.not-more .ttan tYeo weig_h t» oR .h.Alnen mach,i.ne " 
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esters 'are preferably blended in proportions drocarbon radicals linked through at least one 
rangingffom 1% to 10% byweightofthemineral non-carbon atom of the group consisting of 
off. The data in the last column of the table of oxygen and sulfur, hot more than two sulfur 
data show the usefulness of these compounds atoms being in the radical, each hydrocarbon 
when blended with a mineral off. The unblend- 5 radical so linked by a non-carbon atom contain- 
ed mineral off employed in these tests was capable ing at least two carbon atoms, the sum of the 
of carrying only one or two weights on the carbon atoms and said non-carbon atoms in the 
Almen machine under similar conditions of test. entire radical being from 5 to 80, and the molecu- 
The mineral lubricating off base stocks which lar weight of the entire compound being at 
may be improved in load-carrying capacity by 10 least 300. 
the addition of the new compounds of the present 2. A composition according to claim 1 in which 
invention may be derived from various types of R and R' are p-tertiary-octylmercaptoethyl 
crude petroleum or may consist of distillates or groups and R" is a saturated hydrocarbon group. 
blends of various kinds which have been refined 3. A composition according to claim 1 in which 
by any of the conventional methods. Synthetic 15 R and R' are p-tertiary-octylmercaptoethyl 
oils may also be used such as those obtained by groups and R" is a polyethylene glycol .radical. 
the polymerization of olefins or the hydrogena- 4: As a new composition of marrer the hexa- 
tion of coal or its products. The base oils may methylene glycol ester of p-tert.-octylmercapto- 
 vary considerably in viscosity and other proper- propionic acid. 
ries depending upon the particular uses for which 20 5. As a new composition of marrer the triethyl- 
çhey are desired, ene glycol ester of p-tert.-octylmercaptopropionic 
If desired, other known addition agents, such as acid. 
thickeners, pour depressants, antioxidants, dyes, 6. As a new composition of marrer he etra- 
etc., may be added to the mineral off composition ethylene glycol ester of p-tert.-octylmercapto 
prepared in accordance with this invention. 25 propionic acid. 
What is claimed is: PAUL V. SMITH, Jm 
1. As a new composition of marrer a com- LOUIS A. MIKESKA. 
pound of the formula ALEXANDER IT. POPKIN. 
RCO0 
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